Tracheostomy has been practised for centuries for the relief of respiratory tract obstruction. Its use has increased very markedly since the introduction of intermittent positive pressure respiration (I.P.P.R.) in the treatment of poliomyelitis (Galloway, 1943; Lassen, 1953) . Its value has since been proved for other conditions associated with respiratory paralysis, such as tetanus (Cole, 1959; Smythe and Bull, 1961) and myasthenia gravis. It is also used in respiratory failure characterized by secretional ventilatory obstruction (Nelson, 1958) , as is found in severe head injuries (Bryce-Smith, 1950; Maciver, Frew, and Matheson, 1958; Cawthorne, Hewlett, and Ranger, 1959) or in chronic bronchitis (HughJones, 1958; Davidson, 1959) or in unconscious patients who are unable to cough up retained secretions (Nelson, 1958) .
These authors and numerous others (Atkins, 1960; Meade, 1961; Head, 1961) are enthusiastic advocates of tracheostomy, and they stress the urgency of performing the operation when indicated and the undoubted benefits obtained from its use. Little attention has been paid to the post-operative respiratory sequelae. We have been impressed by the frequency with which these patients have become infected with hospital crossinfecting organisms, particularly staphylococci. They are very susceptible to infection and, when infected, form a reservoir dangerous to other patients.
We have traced all cases of tracheostomy performed in the Queen Elizabeth Hospital in 1961 in order to assess the incidence and significance of infection following tracheostomy.
METHODS
CLINICAL MATERIAL Patients on whom tracheostomy had been performed in 1961 were identified from the operating theatre records for that year. Tracheostomy is normally performed in an operating theatre by a surgical registrar, but any tracheostomy performed in the wards would not be recorded and could not be included in this survey. Patients whose clinical records were inadequate for assessment were also excluded. Four additional selected patients had a 89 tracheostomy performed in 1962 and have been used for illustrative but not statistical purposes.
BACTERIOLOGICAL MATERIAL This was assessed from the patients' notes, laboratory records, and any epidemiological data available. The phage types of all staphylococci isolated from patients were included and examined in relation to staphylococci isolated throughout the hospital. This was possible as all staphylococci are phage typed as a routine.
NECROPSY MATERIAL Full reports and histological preparations were examined from all patients who had been submitted to necropsy. An attempt was made to correlate these findings with the incidence of postoperative infection.
RESULTS OF THE STUDY
INDICATIONS FOR TRACHEOSTOMY Forty patients underwent tracheostomy in the operating theatre but only 29 of these could be included in the survey. For the remaining 11 patients the data available were inadequate for an assessment to be made.
The indications for which tracheostomy was performed are listed in Table I and illustrated in Figure 1 . chronic bronchitis and the others had prolonged ileus and required additional operations. During this period of poor consciousness they gave the nursing staff little co-operation with cough and expectoration and were hampered by abdominal distension and pain. Accumulated sputum could not be removed and respiratory insufficiency occurred.
The patients who required tracheostomy after thoracic surgery all had pre-operative respiratory insufficiency and failed to tolerate the additional strain of the operation.
Two patients had severe chronic bronchitis and intractable respiratory failure.
Respiratory muscle paralysis and bulbar palsy accounted for a further two patients. One patient had polyneuritis and the other received muscular relaxants to relieve tetanic spasms. Intermittent positive pressure respiration was applied through the tracheostomy. There were no cases of poliomyelitis.
One patient, an elderly lady who had chronic bronchitis and who required cholecystectomy, had a prophylactic tracheostomy. This was successful and she was one of the few who did not develop a subsequent respiratory infection.
INCIDENCE OF RESPIRATORY INFECTION AFTER
TRACHEOSTOMY We have regarded respiratory infection to be acute bronchitis or tracheitis or bronchopneumonia. The criteria used in assessing infection were clinical; fever, tachypnoea, purulent sputum, clinical signs in the chest, and radiographic changes. Infection was never diagnosed solely on the basis of bacteriological reports. These were used only to designate the causative organisms when the criteria of infection had been established.
Six patients survived for less than three days after tracheostomy. This period was too short to assess evidence of post-operative infection.
Of the remaining 23 patients, 18 developed infection. It is important to determine as far as possible whether such infection was newly acquired or reactivation of existing foci. Sputum was not examined pre-operatively in some patients, but, when it was, notably in the chronic bronchitics, it was found that the post-operative infections were due to organisms different from those isolated previously.
The data were thert examined for any predisposing causes.
1. Previous chronic chest disease The series of patients is too small to draw any conclusion about the susceptibility of bronchitic patients to infection after tracheostomy (Table II) . Figure 2 . Anti- biotic administration was examined in the 23 patients who survived long enough for evidence of post-operative infection to be assessed. Table IV shows the relation of therapy to subsequent infection. Prophylactic administration of antibiotics in the absence of infection, in the small group which received them, appeared to confer some protection. The incidence of infection is so high that it is difficult to identify causal factors. Previous infection or aspiration of non-infected material appears to predispose to further infection since the only patients who did not develop post-operative infection were free from infection before the tracheostomy was undertaken.
BACTERIOLOGY OF THE RESPIRATORY INFECTION In five patients no evidence of infection was obtained.
Six patients died before the question of posttracheostomy infection could be assessed.
In three further patients with clinical infection severe enough to warrant antibiotic therapy no specimens were submitted for bacteriological examination.
From the remaining 15 patients the following organisms were found in association with clinical evidence of infection: Staphylococcus aureus, 11; Proteus species, 4; Pseudomanas pyocyanea, 5; and other enterobacteriaceae, 9.
DISCUSSION OF SELECTED PATIENTS
The following four patients were admitted to the Medical Unit under the care of Professor W. Melville Arnott and have been subjected to his personal study. Since they were admitted during 1962, they are not included in the statistical analysis but they illustrate important features of the epidemiology and the danger of secondary infection in the chest following tracheostomy.
CASE 1 This Irish labourer, aged 49, was admitted with acute bronchopneumonia superimposed on chronic bronchitis. He was semiconscious, unable to give a coherent history, and in severe cardiac failure.
A sample of capillary blood analysed by the method of Astrup showed a Pco2 of 65 mm. Hg, a pH of 7-22, and a base excess of -1, indicating alveolar hypoventilation with respiratory acidosis. Haemophilus influenzae, sensitive to all antibiotics except penicillin. was grown from an initial sputum specimen. He had already received penicillin and streptomycin which was changed to chloramphenicol. He was uncooperative and unable to cough up sputum. Oxygen was administered in slowly increasing concentrations but his level of consciousness deteriorated and continued to do so in spite of respiratory centre stimulants (nikethamide and diethylamine vanillic acid (Vandid) Twelve hours after tracheostomy had been performed he had improved so much that it was possible to wean him from the respirator.
Seventy-two hours later the patient suddenly deteriorated and developed signs of carbon dioxide narcosis. The tracheostomy tube was re-inserted and I.P.P.R. given again. He had developed acute bronchopneumonia. This aggravated the existing alveolar hypoventilation and led to carbon dioxide retention.
A swab of the tracheostomy wound yielded Staphylococcus aureus (phage type 75/77) sensitive only to erythromycin and methicillin. The same organism was grown from the sputum, and he was given methicillin, 500 mg. six-hourly. It may be significant that one of the medical attendants was a nasal carrier of a staphylococcus of the same phage type.
After three days his temperature returned to normal although large quantities of sputum were still being aspirated. The Pco2 fell to 46 mm. Hg. The sputum became foul-smelling, and Escherichia coli was cultured from it. The tracheostomy wound was now septic.
In the subsequent fortnight, the staphylococci disappeared from the sputum. Citrobacter freundii was 92 n r--l Mgroup.bmj.com on October 19, 2017 -Published by http://thorax.bmj.com/ Downloaded from grown from the sputum and the tracheostomy wound, and later Proteus sp. was found in the sputum.
There was a further clinical set-back associated with infection when the Pco2 increased to 92 mm. Hg, but this improved after an hour on the respirator and vigorous physiotherapy.
All antibiotics were discontinued after six weeks, and the patient was discharged to a convalescent home.
We were fortunate to have an opportunity to reassess the patient three months later. He was readmitted following an upper respiratory tract infection. Prior to this he had been able to walk around the house and had been free from purulent sputum.
On this occasion he was apyrexial and the physical signs in the chest had not altered. A culture of sputum produced a heavy growth of pneumococci sensitive to penicillin and tetracycline. Pulmonary function tests showed evidence of airways obstruction.
In the light of his previous history no antibiotics were given. It was felt that these should be reserved for subsequent overt clinical infection of the chest associated with constitutional signs.
This man illustrates several problems. He was a respiratory cripple. The cardiac failure associated with the atrial flutter (and the acute chest infection) precipitated respiratory failure. Tracheostomy saved his life. Subsequent to this he improved, but the tracheostomy wound became infected, and a staphylococcal bronchopneumonia caused dangerous deterioration. The staphylococcus was traced to a nasal carrier on the ward. The infection responded to methicillin. As the staphylococci disappeared, they were replaced in turn by Cit. freundii and Proteus sp. These disappeared without further antibiotic treatment.
This man died six months later. At necropsy the lungs were indurated and fibrotic with multiple apical cavities. The bronchi were fairly clear and the tracheostomy opening had healed with minimal scarring. CASE 3 A man, aged 27, injured his right thumb and developed tetanus. It was necessary to paralyse him completely with curare, and institute I.P.P.R. to control tetanic spasms. Tracheostomy was performed to facilitate I.P.P.R. Artificial respiration was controlled with frequent pH and Pco2 estimations. He received penicillin, I M.U. b.d., for the control of his infection.
Two days after the tracheostomy had been performed he developed a chest infection.
'Hospital' staphylococci (phage type 80) were cultured from two specimens of sputa. The organisms were sensitive to methicillin and erythromycin. He was therefore treated with methicillin. The chest infection improved and two days later no organisms could be recovered from the sputum. Four days later his chest infection deteriorated and E. coli sensitive to chloramphenicol was recovered from the sputum. Chloramphenicol was added to the antibiotic regime. Irreversible brain damage occurred following cardiac arrest, and he died a few days later as a result of intractable hypotension.
Necropsy showed marked cerebral softening with bronchopneumonia in both lungs.
Tracheostomy was obligatory since he required prolonged muscular relaxation and I.P.P.R. Prior to the tracheostomy he had no pre-existing chest infection. A high standard of barrier nursing care was maintained. He received prophylactic penicillin therapy both for the local tetanus infection and in order to prevent a respiratory infection. Yet he soon succumbed to a resistant staphylococcus. This was eliminated by methicillin, but once again superinfection with E. coli occurred. He died 14 days after admission and, although the chest infection was not the main cause of death, he had a severe bronchopneumonia.
CASE 4 A man, aged 67, with chronic bronchitis had an abdominal aneurysm resected. He had suffered from severe obliterative arterial disease in his legs. The operation was followed by a prolonged period of apnoea which required tracheostomy and I.P.P.R.
A Head (1961) , in another exhaustive series of patients from the Massachussets General Hospital, described infection as a late complication in 80 out of 462 cases; the nature of the infection was not classified and any manifestations from superficial sepsis to pulmonary infection were included in these figures. The July number of Anesthesiology (1962) is devoted to a symposium on inhalation therapy, but while tracheostomy and I.P.P.R. are discussed in detail, infectious complications are not considered. By contrast Lepper, Kofman, Blatt, Dowling, and Jackson (1954) described the bacteriological findings in 72 poliomyelitis cases where respiratory paralysis was treated with tracheostomy and I.P.P.R. Pulmonary infection occurred in every case and the causative organisms were wide but included Staph. pyogenes, Pselidomonas sp., and Proteus sp. It is not clear whether the infected cases represented all the poliomyelitis cases with tracheostomy in one hospital, or only those who developed respiratory infection, but the evidence for repeated infection with change in the organism responsible is formidable and illustrates the ease with which infection occurs in these patients.
In two other small but intensively studied series (Davidson, 1959; Nisbet, and Wilson, 1958 ) the bacteriology of infection is discussed since respiratory infection was the indication for tracheostomy; the incidence of post-operative respiratory infection is difficult to assess. Smythe and Bull (1961) and Cole (1959) found that some patients who had tetanus and who were treated by tracheostomy and I.P.P.R. developed a fatal pneumonia: but they give no bacteriological data.
In an account of the management of tracheostomy, Frew (1961) In the normal person inspired air passes through the upper respiratory tract where it is warmed and filtered so effectively that swabs from the main bronchi taken through a bronchoscope are sterile (Brumfitt, Willoughby, and Bromley, 1957 It is important to be gentle with suction which should never be applied while inserting the catheter. The air supply for respiration in humidifiers should be bacteria-free, since any inspired bacteria will be implanted directly into the lower respiratory tract. If antibiotics are to be administered they should be appropriate to combat likely infecting organisms; other antibiotics may actually favour such infection. Daily swabs of the tracheal aspirate should be submitted for bacteriology. In this way any change in flora can be recognized and combated at the earliest possible moment if clinically indicated. Tracheostomy is such an effective procedure in the management of many conditions that would otherwise prove fatal that it is essential for it to be managed efficiently.
Pulmonary infection is a dangerous hazard and counteracts many of the benefits of tracheostomy. The main purpose of performing the tracheostomy is to reduce and remove the retained secretions and reduce the amount of work performed by the lungs for a given amount of gas exchange. Pulmonary infection aggravates this problem and undoes the benefits which would accrue from the tracheostomy.
SUMMARY
Twenty-nine patients submitted to tracheostomy in the Queen Elizabeth Hospital in 1961 have been examined for evidence of pulmonary infection.
Twenty-three lived for more than three days and, of these, 18 became infected following tracheostomy. Eleven infections were due to antibioticresistant staphylococci and five to Ps. pyocyanea.
The nature of the infecting organisms clearly indicated the hospital environment as the source of the infection.
Factors influencing -the establishment of infection have been discussed and some recommendations made about the management of tracheostomy patients.
